I. INTRODUCTION
The name Direct Torque Control is derived from the fact that, on the basis of error between the reference and the estimated values of torque and flux, it is possible to directly control the inverter states in order to reduce the torque and flux errors with in prescribed limits. In [4] , [7] - [9] , different methods have been presented which allow constant switching frequency operation. In general, they require control schemes which are more complex with respect to the basic DTC scheme. With reference to current and torque ripple it has been verified that a large influence is exerted by the amplitude of flux and torque hysteresis bands, and the voltage vector selection criteria [3] , [11] . It can be noted also that a given voltage vector has a different effect on the drive behavior at high and low speed. Taking these considerations into account, a good compromise has been obtained using different switching tables at high and low speed [11] .
In general, the determination of the switching tables is carried out on the basis of physical considerations concerning the effects determined by radial and tangential variations of the stator flux vector on torque and flux values. Although simple, this approach leads to unexpected torque variations in some particular operating conditions. The understanding of these phenomena requires a rigorous analytical approach taking the electromagnetic behavior of the machine into account [2] , [6] . A substantial reduction of current and torque ripple could be obtained using, at each cycle period, a preview technique in the calculation of the stator flux vector variation required to exactly compensate the flux and torque errors [4] , [8] . In order to apply this principle, the control system should be able to generate, at each sampling period, any voltage vector (e.g., using the Space Vector Modulation technique).
The closed-loop stator flux predictive control, open-loop torque control using space-vector Modulation (SVM) implementation is shown in [5] . The SVM is a Performant open-loop vector modulation strategy [10] . This paper introduces a new direct torque and flux control based on SVM (DTC-SVM) for IM drives. It implements closed-loop control for both flux and torque in a similar manner as DTC, but the voltage is produced by an SVM unit. This way, the DTC transient performance and robustness are preserved and the steady-state torque ripple is reduced. Additionally, the switching frequency is constant and totally controllable.
II. PRINCIPLE OF SVM-DTC
Space Vector Modulation is one of the PWM technique in which, when the drive is excited by 3-ø balanced currents produces a voltage space vector which traces a circle with uniform velocity by sampling that rotating reference voltage space vector with high sampling frequency different switching"s can be possible. It is similar to Sine-Triangle PWM in which sinusoidal frequency is proportional to rotating space vector and triangle wave frequency is proportional to sampling frequency. In the block diagram directly AC supply is not connect to Induction Motor because for majority of applications, a wide range of frequency variation is desirable. That"s why 3-ø AC is connected diode rectifier which converts AC to DC, diode rectifier because it improves power factor. Rectified DC output is fed to inverter to convert it to AC. They are broadly classified depending upon source feeding them: Voltage or Current source. In both these sources, the magnitude should be adjustable. The output frequency becomes independent of input supply frequency, by means of dc link. The dc link filter consists of a capacitor to keep the input voltage to the inverter a stiff DC. This is power conversion stage. The torque and flux of induction motor are estimated and they are compared with reference torque and flux, that error is modulated in SVM and fed to the inverter so that respective inverter state is switched.
In case of DC separately excited machine by construction armature and field are orthogonal and it is easily possible to control torque and flux producing components independently. Similar to that for induction machine it is required to resolve stator current into flux producing and torque producing components for independent control.
In detail 3-ø machine dynamic model is complex because the 3-ø rotor winding moves with respect to 3-ø stator winding. So by converting 3-ø machine into equivalent 2-ø machine complexity reduces. Consider a symmetrical three-phase induction machine with stationary as-bs-cs axes at 2π/3-angle apart, as shown in Fig. 2 Our goal is to transform the three-phase stationary reference frame (as~bs~cs) variables into two-phase stationary reference frame (d 
where Voss is added as the zero sequence component, which may or may not be present.
We have considered voltage as the variable. The current and flux linkages can be transformed by similar equations. It is convenient to set Ө=0, so that the q s -axis is aligned with the as-axis. Ignoring the zero sequence components, the transformation relations can be simplified as The objective of SVPWM technique is to approximate the reference voltage vector Vref using the eight switching patterns. One simple method of approximation is to generate the average output of the inverter in a small period, T to be the
International Journal of Computer and Electrical Engineering, Vol.4, No.2, April 2012
same as that of Vref in the same period. Therefore, space vector PWM can be implemented by the following steps:
Step 1: Determination of Vd. Vq, Vref and angle (α)
Step 2: Determination of time duration T1, T2, T0
Step 3: Determination of the switching time of each switch (S1 to S6)
Step 1: Determination of Vd, Vq, Vref, and angle (α) From Fig. 5 we can write 60 cos 60 cos
Step 2: Determination of time duration T1, T2, T0 From Fig. 5 The switching time duration can be calculated as follows:
Switching time duration at Sector 1 can be realized by V1 and V2 vectors and one of two null vectors V0 or V7.In other words, V1 state is active for time T1, V2 is active for T2, and one of null vectors (V or V7) is active for T0.Because the vectors V1 and V2 are constant and V0 or V7 is 0, We can equate the Volt time of reference vector to the Space Vector as, (here f=fundamental frequency) Step 3: Determination of the switching time of each switch (S1 to S6)
The switching time for each switch is tabulate in Table I . The waveform considered in Fig. 6 is the switching pulse of the upper switch and mirror image represent the pulse of lower switch in sector 1 similarly we can realize in other sectors also. 
III. DC BUS UTILISATION BY SVPWM
The principal advantage of the SVPWM over SPWM is that it enhances the DC bus utilization by about 15%. It is instructive to evaluate the sample-averaged pole voltage of a phase, V AO for instance, to understand this fact.
In eqn.1,│V sr │denotes the amplitude of the reference vector and "α" represents the position of the reference vector with respect to the beginning of the sector in which the tip of the reference vector is situated. (5), (6), (7) 00 , 1 2
/2 22
Substituting eqn.1 in eqn. 2 one obtains: 
The average pole voltage variation is plotted in Fig. 7 The waveform of the average pole voltage consists of a fundamental component and components of triplen order. The waveform of the averaged line-line voltage is sinusoidal as the triplen voltage components of the pole voltages cancel out each other, being cophasal. The averaged phase voltage also remains sinusoidal with a peak value, which is 1/√3 times that of the peak value of the line-line voltage. The peak value of the A-phase voltage, while the inverter is operated in the range of linear modulation is given by:
Maximum magnitude of the reference voltage space vector corresponds to the radius of the biggest circle that can be inscribed in the hexagon as shown in Fig. 5 (13) It is known that the maximum value of the peak-phase voltage that can be obtained from a 3-Ph inverter with Sinusoidal Pulse Width Modulation (SPWM) technique is equal to 0.5V dc It is therefore evident that SVPWM achieves a better DC bus utilization compared to SPWM (by about 15.4%). 
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Simulation was carried out on a 3-ø induction motor having Stator resistance: 2.7Ω, Stator inductance: 0.3562H, Rotor resistance: 2.23 Ω, Rotor inductance: 0.3562H, Mutual inductance: 0.3425H, Frictional coefficient: 0.00825, Number of poles: 2. Switching frequency: 5KHz. Fig. 12 shows Simulink model of SVM-DTC. Fig. 8-11 shows the results of conventional DTC, SVM-DTC.
IV. CONCLUSION
From the Simulation results it is clearly observed that DTC drive utilizing hysteresis comparator (Conventional-DTC) suffers from high torque ripple and variable switching frequency. By using constant switching frequency technique (SVM-DTC) torque ripple is significantly improved. Thus it is possible to conclude that SVM-DTC can offer high performance characteristics than conventional-DTC.
